Introduction: The prevalence of undernutrition, which is closely associated with socioeconomic and sanitation conditions, is often higher among indigenous than non-indigenous children in many countries. In Brazil, in spite of overall reductions in the prevalence of undernutrition in recent decades, the nutritional situation of indigenous children remains worrying. The First National Survey of Indigenous People's Health and Nutrition in Brazil, conducted in 2008Brazil, conducted in -2009, was the first study to evaluate a nationwide representative sample of indigenous peoples. This paper presents findings from this study on the nutritional status of indigenous children < 5 years of age in Brazil.
Introduction
Nutritional status during childhood is a multidimensional condition strongly influenced by a large set of sociodemographic, economic, environmental, and biological factors, with prevalence rates of undernutrition being higher among children living under unfavorable conditions [1, 2] . Among indigenous peoples, prevalence rates of undernutrition and many other indicators point to poorer health status, at times reaching alarming levels, as compared to non-indigenous peoples in the same regions. Helping to explain these health disparities are comparative analyses indicating that indigenous peoples are among the most politically and socioeconomically marginalized segments of society in the many countries in which they are present [3] [4] [5] .
In specific indigenous ethnic groups in the Andean and Amazonian regions of South America, up to two thirds of school-aged children are undernourished [6] [7] [8] [9] [10] [11] [12] . In Brazil, despite major advances in public health indicators having occurred in recent decades for the general population, including a marked reduction in the overall prevalence of all forms of undernutrition in children [13] , the nutritional situation of indigenous children remains worrying. As reported in recent nutritional assessments of different local indigenous communities in the country, chronic undernutrition is among the principal health problems, often affecting the growth of up to half of all children [14] [15] [16] [17] [18] [19] .
Within Brazil, indigenous children in the North region (which largely coincides with the Amazon region) present the highest prevalence rates of low height-for-age as compared to the country's other regions [20, 21] . Highlighting the comprehensive influence of socioeconomic and environmental conditions on child nutrition, indigenous children in the North also present higher prevalence rates of other nutritional deficit indicators, such as anemia, and are exposed to poorer sanitation and socioeconomic conditions (e.g., access to clean drinking water and precarious living conditions) [20] , which are strictly associated with chronic undernutrition. The growing body of literature on nutritional profiles of indigenous populations in the Amazon region show the frequencies of chronic undernutrition in children < 5 years of age to vary markedly from 10-20% to 50-60% in association with diverse sociocultural, economic, and environmental variables [14, [22] [23] [24] . Recent diachronic studies in the Amazon demonstrate that improved socioeconomic conditions and access to sanitation and health services resulted in substantial reductions over time in the prevalence rates of chronic undernutrition among indigenous children. For example, among the Amazonian Suruí, the prevalence of undernutrition in children < 5 years of age decreased from 46.3% to 26 .7% in a period of less than two decades [15] .
Undernutrition in childhood increases mortality rates and disease burden [1] . This observation is consistent with the findings of recent comparative analyses of health levels pointing to higher mortality and morbidity rates among indigenous peoples compared to the rest of the population in Latin America [3, 4, 25] . The same pattern was also observed in Brazil where, for example, infant mortality rates are much higher in indigenous populations than in the general population [26] [27] [28] .
Undernutrition in the first years of life may also have long-term consequences on the development of chronic diseases and human capacities. Victora et al. [29] observed that low birthweight and chronic undernutrition in childhood were associated with increased blood pressure, blood glucose, total cholesterol, and mental illness in adulthood. On the other hand, it has also been suggested that rapid weight gain in the first years of life may reverse the long-term consequences of intrauterine growth restriction. For example, among Brazilian infants born small for gestational age (a proxy of intrauterine growth restriction), rapid weight gain in the first two years of life is related to higher achieved schooling in early adulthood [30] and higher birthweight in the next generation [31] . Therefore, promotion of weight gain in the first years of life may have positive long-term and intergenerational consequences [32, 33] .
Although child undernutrition rates and their associated factors have been studied for the general non-indigenous population and specific localized indigenous populations in Brazil, no previous study has addressed the subject for indigenous peoples at the national scale. The First National Survey of Indigenous People's Health and Nutrition in Brazil (henceforth, "National Survey"), conducted in 2008-2009, was the first study to evaluate a nationwide representative sample of indigenous peoples living in villages throughout the country. With a final study population of 6,128 children from 113 villages, it included the most comprehensive investigation yet conducted on the nutritional situation of indigenous children in Brazil and one of the most extensive and detailed ever carried out in Latin America. The present article assesses the nutritional status of indigenous children < 5 years of age in Brazil.
Methods
The National Survey sought to assess the health and nutritional status of indigenous children < 5 years of age and women 14 to 49 years of age in Brazil [20] . A multistage sampling was employed to obtain a representative sample of the country's official geopolitical regions North, Northeast, Central-West, and South/Southeast (the South and Southeast regions were joined for the purposes of the National Survey). These regional strata are differentiated by diverse environmental, economic, social, and political factors [34] , including distinct histories of demographic and economic expansion. Whereas the coastal Northeast and South/Southeast regions were the first to be colonized by Europeans, encroachment of indigenous lands to the west and north, including the Amazon region, generally occurred more recently under comparatively favorable policies for recognizing indigenous lands.
Initially, a stratified probabilistic sampling was carried out for indigenous villages located in these four regions. The basis for this sample was a list of indigenous villages provided in 2008 by the Brazilian National Health Foundation (Fundação Nacional de Saúde -FUNASA). From the original list containing 3,995 villages, 1,227 (30.7%) were excluded for the purposes of selection because they were identified by FUNASA as vacated ("desaldeadas"), deactivated, or having less than 31 inhabitants. The sample size for each region was estimated based on the size of its target population, a prevalence of 50% for all disease outcomes, a relative precision of 5%, and a confidence level of 95%, according to the methodology proposed by Lemeshow [35] . Based on the calculated sample size for each region, Sequential Poisson Sampling criteria were used to select villages [36] . The final sample included 123 villages distributed by region as follows: 65 (North), 14 (Central-West), 23 (Northeast), and 21 (South/Southeast).
Subsequently, two strategies were used to sample indigenous households in the sampled villages (census and sample). A census was carried out in villages with populations of children < 5 years and women from 14 to 49 -years of age ≤ 150. In villages with populations of women and children greater than 150, households were selected by systematic sampling. Further details on the study methodology have been published previously [20] .
Workshops were held to train multidisciplinary field teams in research and anthropometric measurement procedures [20] . To guarantee the precision and reliability of field measurements, designated anthropometrists participated in training exercises to standardize their use of equipment and calculate within and between observer variability of height and weight measurements. The standard deviation of replicate measurements between observers and within observers was less than 5 mm [37] .
In selected households, several questionnaires (domicile, mother, child) were applied in participating households. Questions in Portuguese addressed sociodemographic conditions, sanitation, domestic economy, access to health services, maternal characteristics, infant feeding, and morbidity [20] . The mothers or caretakers of all children < 5 years of age were interviewed. Children whose mothers self-identified as indigenous and children who were identified as indigenous by a caretaker or non-indigenous mother were included in the study. Local indigenous translators (often indigenous health agents or primary education teachers) were used for interviews with nonPortuguese speakers.
Children were weighed with a portable digital scale (seca model 872, Hamburg, Germany) to the nearest 100 g, wearing minimal clothing and barefoot. This scale has a function allowing children ≤ 24 months to be weighed while being held by an adult. Standing height was measured with an AlturaExata portable anthropometer (Belo Horizonte, Brazil) and recorded to the nearest 0.1 cm. This anthropometer was also used to measure recumbent length for children ≤ 24 months of age. Previously trained and standardized field researchers carried out anthropometric measurements. Basic birth data, including sex, birthdate, and birth weight, were obtained from local FUNASA healthcare records, participants' personal documents (identification cards, birth certificates, and child health cards), or informed by interviewees.
Weight-for-age, height-for-age, and weight-for-height zscores were estimated using the 2006 WHO growth standards, widely considered effective standardized public health indicators of child nutritional status worldwide [38, 39] . Stunting (low height-for-age), underweight (low weight-for-age), and wasting (low weight-for-height) were defined by using the −2 z-score cut-off-point. Anthropometric indicators were interpreted using WHO growth reference curves, derived from multicentric samples of children raised under ideal environmental conditions, based on the operational assumption that they are appropriate for evaluating children worldwide, independent of ethnicity, socioeconomic condition, or diet growth references [40] .
Following WHO guidelines [41] , mothers whose hemoglobin concentrations were lower than 7.0 g/dL were considered to present severe anemia and those with concentrations from 7 to 11.99 g/dL were considered to present moderate anemia.
A household goods index was calculated using the first component of a principal component analysis for 19 durable goods (eigenvalue of 3.56, accounting for 19% of the total variability in the dataset) [20] . Standing out in this first component were television set, refrigerator and/or freezer, VCR and/or DVD player, stove, telephone, and satellite dish. The household index was the sum of the products of the quantity of each item multiplied by the contribution of each in the principal component analysis. Households were then classified in terciles based on the combined distribution, considering the four regions.
In the initial data analysis, prevalence rates were calculated for stunting, underweight, and wasting according to independent variables (region, demographic and socioeconomic variables, characteristics of the household environment, and maternal and child characteristics). Chi-square tests for linear trend and heterogeneity were used to evaluate differences in proportions.
In the multivariate analysis, Poisson regression with robust adjustment of the variance for dichotomous outcomes was used [42] . Estimates were corrected for the complex sampling design of the study. The variables were entered according to a hierarchical model. Accordingly, distal variables (region, child's age, and sex) were the first to enter the model, followed by socioeconomic variables (household goods index, presence of regular income from salaries or social programs, and maternal schooling) in the second level. The third hierarchical level comprised variables that assessed household characteristics (source of drinking water, location used to defecate, and presence of trash collection in the village). The fourth and fifth most proximal levels encompassed maternal variables (age and anemia) and child variables (birthweight, reported hospitalization during the prior 12 months, and infant feeding), respectively. Estimates were adjusted for variables located in the same or higher hierarchical levels. Estimates of the effect of backward selection were used at each level and variables with pvalues > 0.20 at their hierarchical level were excluded from the model [43] .
The study protocol was approved by the National Ethics Committee (Comissão Nacional de Ética em Pesquisa -CONEP) and the National Indian Foundation (Fundação Nacional do Índio -FUNAI). Before initiating interviews in a given village, a meeting was held with community leaders to obtain permission to conduct the study. To the extent possible, these meetings were held in public and formulated according to local protocols for community decision-making. In addition to describing the objectives and procedures of the study, a collective informed consent form approved by CONEP was presented in detail. If consent was granted, one or more community leaders were asked to sign the consent form.
Results
Of 123 villages selected for study, data were obtained for 113 (91.9%). Non-investigation of 10 villages was due to refusal, lack of access, cost, and loss of data. Of 5,674 indigenous households planned for investigation, 5,305 (93.5%) were interviewed. The principal reason for noninclusion of households was absence at the time of research (5.9%). Of planned individual interviews regarding children, 6,128 (93.1%) were realized. Additionally, height and weight measurements were taken for 6,050 and 6,075 children, respectively, which correspond to 98.2% and 98.6% of the total sample investigated. Because the proportion of sampled children not evaluated was low, it is unlikely that the National Survey is susceptible to sample selection bias.
With respect to nutritional status, prevalence rates of underweight, stunting, and wasting were 5.9% (n = 6055), 25 .7% (n = 6011), and 1.3% (n = 6017), respectively. Mean z-scores for weight-for-age, height-for-age, and weight-for-height were −0.48, −1.32, and 0.38, respectively. Table 1 shows that the prevalence rates of underweight and stunting were highest among indigenous children in the North region and were slightly lower among girls nationally. Whereas child age was positively related to the prevalence of stunting, the association was negative for wasting.
With respect to socioeconomic status, maternal schooling and the household goods index were inversely related to the prevalence of underweight and stunting ( Table 2 ). The prevalence ratio of stunting was 4.22 (CI 95%: 2.96-6.01) times higher among children whose mothers never frequented at least one full year of school. Children living in households with no regular source of income showed slightly higher prevalence rates of underweight and stunting. On the other hand, wasting was not associated with any of the three measures of socioeconomic status (Table 2) .
Underweight and stunting were also associated with access to sanitation services. Children living in houses without piped drinking water, indoor sanitation facility (e.g., bathroom), or access to trash collection service showed a higher prevalence of underweight and stunting (Table 3) . Table 4 shows that maternal anemia was positively associated with underweight and stunting, whereas no clear pattern was observed for wasting. Birthweight was negatively associated with prevalence of underweight, wasting, and stunting. Low birthweight subjects were 10.0 (CI 95%: 5.67-17.5) times more likely to present underweight. Severe morbidity in the prior 12 months, as indicated by hospitalization, was also associated with underweight and stunting.
In the multivariate model, children in the North region presented a higher prevalence of underweight, even after adjusting for child's sex and age (Figure 1) . In the second level, after controlling for the presence of regular household sources of income, region, sex, and child's age, maternal schooling remained inversely related to prevalence of underweight. Children whose mothers did not frequent at least one year of school were 3.28 (CI 95%: 1.76-6.13) times more likely be underweight than those whose mothers had frequented at least 10 years of schooling. With respect to household environment characteristics, after controlling for the variables in the higher hierarchical level and source of drinking water, the effect of the presence of trash collection service in the community decreased from 2.74 to 1.49 and the confidence interval barely included the unity (1), although the variable still reached the significance level for retention in the model. Similarly, the effect of the source of drinking water used by members of the household was reduced in the multivariate analysis, although children without access to piped drinking water inside or outside the household still had a higher prevalence of underweight. Even after controlling for confounding by socioeconomic measures, demographic characteristics, household environmental conditions, maternal anemia and reported hospitalization in the prior 12 months, children whose birthweight was < 2,500 g were 8.35 (CI 95%: 4.56-15.27) times more likely to be underweight than those ≥ 3,500 ( Figure 1) .
As shown in Figure 2 , after adjusting for the variables in the first hierarchical level and maternal schooling, the prevalence of stunting among children living in households in the first tertile of the household good index decreased from 2.30 to 1.48 (CI 95%: 1.21-1.79), but the confidence interval did not include the unity. For maternal schooling the decrease in the magnitude of the prevalence ratio was smaller and the effect was also statistically significant. In the multivariate model, none of the variables related to the household environment were associated with stunting. However, maternal anemia was associated with a higher prevalence of stunting and children whose mothers presented severe anemia were 1.63 (CI 95%: 1.27-2.10) times more likely to be stunted than those whose mothers did not present severe anemia. Also, maternal age, birthweight, and no hospitalization record in the prior 12 months were inversely related to the prevalence of stunting. The effect of breastfeeding on underweight and stunting was evaluated for different child age categories. Figure 3 shows that among children aged < 12 months, the prevalence of underweight was lower for those who had never been breastfed. However, for children < 6 -months the precision of estimates was low and the confidence interval included the unity. The protective effect of breastfeeding for underweight was not observed among children older than 1 year. Figure 4 shows that the protective effect of breastfeeding for stunting was observed only in the first 6 months of life, but the association was not statistically significant.
Discussion
Relatively little information is available on the nutritional situation of indigenous children in Latin American countries. A recent compilation by the Pan American Health Organization of findings regarding the nutritional situation of indigenous children, based on the reference curves proposed by the World Health Organization [39] , identified levels of undernutrition varying from 35 to 60% among Quechua and Aymara children in Bolivia and Peru, about 55% in indigenous children in Ecuador, and approximately 75% in indigenous children in Guatemala [44] . Thus, in many Latin American countries, rates of undernutrition among indigenous children tend to be much higher than those of non-indigenous children.
During the last two decades in Brazil there have been marked public policy improvements for indigenous peoples with implications for public health. For example, beginning in the 1990's, the decennial national census included "indigenous" to the list of possible responses for the question on race or skin color [45] . During the same period, a distinct healthcare subsystem was implemented for indigenous peoples [46] . These policies aimed at improving the availability of health information, which demonstrated empirically that large inequalities exist between indigenous peoples and other segments of Brazilian society, particularly in relation to morbidity and mortality, which are part of a pernicious cycle marked by persistent poverty, exclusion, and disease. Prior to the National Survey, the great majority of available information on the nutritional status of indigenous children in Brazil came from case studies carried out over the past two decades in specific communities and local populations, most located in Amazonia [14, 22, 23, [47] [48] [49] [50] . These case studies found levels of stunting well above those reported for non-indigenous children (see Leite et al. [51] for a review).
The results of the National Survey also reveal a very unfavorable nutritional scenario for indigenous children in the country. As compared to non-indigenous Brazilian children nationally, the present rate of stunting in indigenous children in Brazil (25.7%) is substantially higher than the current rate but comparatively close to that reported four decades ago [13, 52] . The results of national household surveys since the 1970s show stunting (following the WHO growth curves [39] ) in non-indigenous children < 5 years of age decreased sharply from 37.1% in 1974/1975 to 7.1% in 2006 [13] .
Considered by major geopolitical region, the rates of stunting in indigenous children in Brazil ranged from two to five times higher than those observed for nonindigenous children. As reported by the Brazilian Ministry of Health [52] , the rates of stunting among non-indigenous children in this age group were 5.5% in the Central-West, 5.6% in the Southeast, 5.8% in the Northeast, 8.5% in the South, and 14.7% in the North, the latter region presenting the highest index of poverty and the worse indicators of general health in the country.
A combination of factors is likely to be acting to increase the prevalence of undernutrition among indigenous children in Brazil. Stunting and underweight are closely related to chronic exposure to unfavorable socioeconomic and environmental conditions, poor energy and nutrient intake, and recurrent infectious and parasitic disease [53, 54] . Previous studies have explained unfavorable rates of undernutrition among indigenous peoples in Brazil in terms of the impacts of increased participation in the market economy, reduced access to natural resources and land, sedentarization, and increased environmental contamination due to poor sanitary conditions, among other factors [14, 20, [55] [56] [57] [58] . Consistent with these interpretations, in the multivariate analysis, we observed that such social determinants as household environmental characteristics, hospitalization, and socioeconomic condition were associated with higher prevalence of stunting and underweight. Alternative explanations for the elevated prevalence rates of low height-for-age observed among indigenous children may be found in the human biology literature. For example, some lines of investigation draw on geneticevolutionary hypotheses that populations in tropical forested environments tend to present smaller adult body size as an adaptive response to alleged environmental pressures (e.g., food restriction and high temperatures and humidity) [59, 60] . According to such perspectives, the standard growth reference curves used in our analyses would not be applicable to some ethnic populations (such as indigenous peoples in the Amazon region of Brazil) due to a distinct genetic growth potential. However, in the field of public health nutrition, the relative weight of genetics is considered to be greater on final height achieved at the end of the growth period than on growth rates during infancy. Until at least the seventh year of life, human growth potential is essentially uniform worldwide, independent of region or ethnic group. During this phase of life, environmental factors (e.g., living conditions, sanitation, socioeconomic and education levels, diet, food security, coinfection, and access to health services) are considered to play a more dominant role in determining the distinct growth achievements observed among children in different populations [61] [62] [63] [64] [65] [66] . It is now widely accepted that undernutrition is a multifaceted condition that cannot be fully understood on the basis of its immediate biological determinants -socioeconomic and ethnic disparities are at the root of the problem, particularly in countries that show sharp inequalities with regards to income, education, and access to health care [2, [67] [68] [69] [70] [71] .
Our data show an increase in the prevalence of stunting in the first 3 years of life. Indeed, among children less than 6 months of age the prevalence was 9.2%, whereas for those aged 24-35 months the prevalence was 32.7%. A small decrease in the prevalence of stunting was observed among children older than 36 -months. These data suggests that there is no cohort effect in the studied population. Such increments in the prevalence of stunting reported in case studies of South American indigenous peoples were found to be strongly related to poor environmental conditions and weaning practices [14] [15] [16] [17] .
We observed substantially higher prevalence rates of stunting and underweight in the North region of the country as compared with all other regions. After controlling for maternal age, maternal schooling, the household goods index, presence of trash collection service in the village, maternal anemia, and birth weight, the prevalence ratio of stunting among children living in the North decreased from 1.83 to 1.58 (CI 95%: 1.07-2.34), whereas for underweight the prevalence ratio decreased from 2.87 to 1.91 (CI 95%: 1.04-3.51). These results demonstrate the close relationship between the higher rates of undernutrition observed in the North region and socioeconomic conditions, which have undergone major changes for indigenous populations in recent decades due to the rapid pace of economic development and environmental transformation in the region.
As we reported previously [20] , the findings of the National Survey highlight major gaps in the availability of public services to indigenous villages in Brazil, such as education, basic sanitation, safe drinking water, and solid waste management. These are conditions that favor the occurrence of high levels of undernutrition in children, as was observed in the present study. With regard to the management of human waste, the most typical infrastructure observed was that of a simple pit latrine, with sewage rarely being collected or receiving any kind of treatment. Even in more developed regions of the country, such as the South/Southeast, nearly 40% of households in the sample reported defecating in the open. Only 5.9% of the households reported possessing any kind of sewage system. The management of household waste was also found to be precarious, with trash most commonly being discarded, burned, or buried in the peridomicile or elsewhere in the village.
Unfortunately, considering these inadequate sanitary conditions, it is unsurprising that children also present elevated levels of morbidity due to infectious and parasitic diseases. As previously reported, the National Survey found the proportion of reported hospitalizations of children during the prior 12 months to be elevated, with 19.3% of children being hospitalized during this period [20] . Diarrhea and respiratory infection were frequent causes of hospitalization. With respect to referred morbidity during the prior week, about one in four children (23.6%) presented diarrhea. Additionally, 51.2% of indigenous children nationally were found to be anemic. The health scenario outlined here for indigenous children facilitates the interaction between undernutrition and infection, widely described and characterized in the literature as cyclical and mutually reinforcing, not only because undernutrition contributes to increasing the severity and duration of infection, but also because recurrent infections tend to worsen the nutritional status of children [72] [73] [74] [75] .
Among infants younger than six months, those who were breastfed were less likely to be underweight or stunted, but the confidence intervals included the unity. Because breastfeeding was almost universal among infants younger than 6 months, with only 5.2% of infants in this age group not being breastfed at the time of the interview, the precision of the estimate on the effect of breastfeeding in this age group was low. On the other hand, breastfeeding did not protect children older than 12 months against stunting or underweight. Among older children, the benefits of breastfeeding may be overwhelmed by weaning foods with lower energy and nutrient content or contamination with microorganisms in situations of poverty or inadequate sanitation [76] .
Final considerations
The results presented here regarding the nutritional status of indigenous children from the First National Survey of Indigenous People's Health and Nutrition in Brazil reveal striking health inequities involving a diverse set of socioeconomic and environmental factors. High prevalence rates of undernutrition were shown to be associated with socioeconomic variables including income, household goods, schooling, and access to sanitation services. They were also shown to be associated with breastfeeding, which is a highly cultural dimension of child dietary practices among many indigenous societies. Whereas the National Survey was the first study to address child nutrition among the indigenous peoples in Brazil on a national scale, providing important baseline data for future comparison, these findings further suggest the relevance of social, economic, and environmental factors at different scales (local, regional, and national) for the nutritional status of indigenous peoples.
Although the Brazilian Unified Health System (Sistema Único de Saúde -SUS) prioritizes the promotion of social and economic equity as part of public health research and promotion formulations, the findings reported here indicate that the full potential benefits of this policy orientation are not yet observable in the health and nutrition profile of the indigenous child population at a national scale. The worrying nutritional health profile of indigenous children in Brazil underscores the need for greater attention to this population segment by the Brazilian government.
Food and nutrition policies and interventions designed for indigenous peoples in Brazil must be tailored for consonance with the cultural lifestyles and food perceptions of target communities, going beyond the generalized distribution of energy-rich food items, typical of both governmental and non-governmental food relief initiatives. Measures aimed at improving childhood nutrition may potentially have immediate results, particularly with regards to stimulating child weight gain and improving child survival. Any intervention aimed at indigenous peoples in Brazil, however, must take into consideration this country's enormous sociocultural diversity, with as many as 300 indigenous ethnic groups and over 200 indigenous languages living in diverse environmental settings. With so many distinctive societies within the Brazilian borders, it is all the more important to implement public health policies and measures aimed at reducing child undernutrition that incorporate sociocultural, economic, environmental, and biomedical dimensions of the problem (see Caldas and Santos [77] for a recent review of the development of nutrition policies aimed at indigenous peoples in Brazil).
Public policies must also address the need for more research on factors that remain understudied in indigenous populations despite being considered important underlying determinants of child nutritional status in accordance with the United Nations Children's Fund's framework for the causes of undernutrition [78, 79] . For instance, research into cultural factors influencing childcare practices, including breastfeeding, weaning, and pregnancy, has the potential to help disentangle many of the complexities subsumed by standardly used variables that do not have uniform meaning in cross-cultural contexts, such as income, wealth, and maternal education.
